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Abstract. Snake bite is a major public problem in the rural tropics. In southern Nepal, most deaths caused by
neurotoxic envenomation occur in the village or during transport to health centers. The effectiveness of victims’ transport
by motorcycle volunteers to a specialized treatment center, combined with community health education, was assessed in a
non-randomized, single-arm, before-after study conducted in four villages (population = 62,127). The case-fatality rate of
snake bite decreased from 10.5% in the pre-intervention period to 0.5% during the intervention (relative risk reduction =
0.949, 95% confidence interval = 0.695–0.999). The snake bite incidence decreased from 502 bites/100,000 population to
315 bites/100,000 population in the four villages (relative risk reduction = 0.373, 95% confidence interval = 0.245–0.48),
but it remained constant in other villages. Simple educational messages and promotion of immediate and rapid transport of
victims to a treatment center decreased the mortality rate and incidence of snake bite in southeastern Nepal. The impact of
similar interventions should be assessed elsewhere.

INTRODUCTION

Venomous snake bites are an important public health hazard
worldwide, particularly in tropical and subtropical countries.
In Asia, estimates of snake bite incidence vary between
500,000 and four million annual cases with as many as
100,000 deaths.1–3 Southern Asia is the world’s most affected
region because of its high population density, widespread
agricultural activities, numerous snake species, and lack of
functional snake bite control programs.4,5

With one-third of the population living below the poverty
line, Nepal is among the poorest countries in the world. Up to
85% of Nepali people live in remote and difficult-to-access
terrain, which contributes to poor access for health care
facilities. The World Health Organization estimates that
20,000 persons are bitten by snakes each year in Nepal,
resulting in > 1,000 deaths.1 However, because most deaths
occur in villages or during transport and are therefore not
recorded in hospital statistics, the true public health impact
of snake bites is likely to be much higher.6–8 Most bites occur in
the Terai, a lowland agricultural plain located in the southern
region of Nepal and characterized by a hot tropical climate
and high population density. Most bites occur during the
rainy season (April–October), which corresponds to the peak
in farming activities.6,7

Most severe cases of snake bites in Nepal are caused by elapid
snakes, in particular the Indian spectacled cobra (Naja naja)
and the common Indian krait (Bungarus caeruleus),9,10 but other
species of cobra and kraits are present. The venom of these
snakes contains potent neurotoxins that specifically target the
neuromuscular junction. Progressive descending paralysis is
characteristic of elapid bite envenoming, and patients usually
die from respiratory failure, once paralysis reaches the dia-
phragm and the inter-costal muscles.11,12 Progression of
envenoming signs can be extremely rapid, and respiratory fail-
ure has been observed as early as 30 minutes after a cobra bite.13

We previously conducted a community-based survey in five
village development committees (VDCs) of eastern Terai in
2002 and found a high annual snake bite incidence (1,162 bites/
100,000 population) and associated mortality (162 deaths/
100,000 population). Several determinants of deaths were
identified in this study: presence of sign(s) of envenoming,
initial visit to a traditional healer, and lack of available trans-
port. In contrast, rapid transfer to a snake bite treatment
center and administration of antivenom were associated with
decreased risk of death. In particular, the use of a motorcycle
to transport the victim was strongly associated with survival.8

We therefore hypothesized that an intervention combining
transport of victims by motorcycle and community-based
health education could decrease snake bite mortality in
Nepal. We tested this hypothesis in four VDCs and report
the results of this interventional study.

MATERIALS AND METHODS

Study area and population. The study was conducted in the
Terai region of eastern Nepal in four VDCs with known high
incidence of snake bites: Chulachuli (population = 18,176),
Kerabari (population = 15,668), Itahara (population = 15,561),
and Rajghat (population = 12,722).8,14 Each VDC is subdivided
into several wards. The four VDCs are located 20–46 km
from the Damak Red Cross Sub Center (RCSC), which is the
referral snake bite treatment center for 47 VDCs (Figure 1).
The staff of the Damak RCSC is composed of eight para-
medics (health assistants) who are trained and experienced in
recognizing features of envenoming, administering antivenoms
and supportive therapy, and using mask-bag ventilation, includ-
ing airway suction. The center is supported by the Nepalese
Red Cross Society and includes a standby ambulance service
to transport critically ill patients to referral hospitals.
Study design. The initial intention of the investigators was

to randomize wards between intervention and control groups.
The inclusion of non-intervention (control) wards was
rejected by local health authorities and village leaders during
preliminary discussions. Therefore, the intervention was
implemented in all wards of the four VDCs. The intervention
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was composed of a motorcycle volunteer program and a
community-based awareness program (Figure 2).
Motorcycle volunteer program. The program relied on a

network of motorcycle owners who volunteered to transport
victims of suspected or proven snake bite to the Damak RCSC
as quickly as possible, and at any time of the day and the
night. Motorcycle owners were initially identified by the vil-
lagers, and their names were cross-checked with the records

of the district vehicle registration office. In March 2004,
motorcycle owners living in the four VDCs were invited to a
meeting during which the rapid transport intervention was
described. Motorcycle owners were asked to participate in
the program, and approximately 10 volunteers/VDC were
enrolled. The only financial incentive for the motorcycle
owner was the reimbursement of gasoline cost (US $5–7/
transport). A duty roster was completed for the 2004 rainy

Figure 1. Map of the intervention area, southeastern Nepal. RC = Red Cross.

Figure 2. Schematic diagram of the intervention, southeastern Nepal.
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season, and the names and address of the motorcycle volun-
teers were displayed on various walls and boards in the VDCs.
The snake bite victim was held firmly during transport

between the motorcycle driver and an assistant pillion-rider to
prevent him or her from falling off the vehicle (Figure 3).
Upon arrival at Damak RCSC, patients were clinically assessed
and received an initial dose of 10 vials of polyvalent anti-snake
venom serum (Haffkine Institute, Mumbai, India) if sign(s) of
neurotoxicity were present. Patients with respiratory distress or
arrest were assisted by oxygen and bag-mask-valve ventilation,
and rapidly transferred by ambulance to the nearest referral
hospital where intubation and assisted ventilation were available.
Community-based awareness program. Two to three snake

bite awareness sessions were conducted in each of the four
VDCs during January–March 2004. Political leaders, female
health volunteers, community health workers, social workers,
and traditional healers attended the sessions along with local
persons. The importance of rapid transport of victims to the
nearest snake bite treatment center was emphasized, and the
motorcycle volunteer program was presented. The educational
message used simple slogans such as “bitten by snake – catch
motorcycle volunteers – reach Damak – save life!” in the local
language. Sufficient time was also allocated to respond
to questions related to the project or various other issues
(e.g., primary prevention of snake bites). In addition, leaflets
(n = 5,000) were distributed and banners and posters (n = 500)
were pasted on walls and boards in the VDCs.
Assessment of efficacy. House-to-house surveys led by

a team of 15 trained interviewers were conducted in the
four VDCs before (November–December 2003) and after
(November–December 2004) the intervention. The main objec-
tives of the surveys were to determine the incidence of snake
bites and numbers of deaths from these bites during the pre-
ceding rainy seasons: April–October 2003 (pre-intervention
period) and April–October 2004 (intervention period). The same
questionnaire was used in both surveys. Basic epidemiologic
characteristics, occurrence and outcome of snake bites, first-aid
methods used, and health-seeking behaviors were recorded.
To make up for the absence of control VDCs not benefiting

from the intervention, we reviewed all records of patients
admitted for snake bite at the Damak RCSC during the pre-
intervention and intervention periods. The numbers of snake
bites, envenomed bites, deaths, and individual basic demo-

graphic and epidemiologic data were retrieved from clinical
files and compared between patients from the four interven-
tion VDCs (intervention group) and from the other 43 VDCs
(control group).
Ethical considerations. Informed consent was obtained from

all villagers or their legal guardians for children < 16 years of
age before inclusion in the study. The study was approved by
the B. P. Koirala Institute of Health Sciences ethical review
committee in August 2003.
Statistical analysis.Given the figures observed in the epide-

miologic study conducted in nearly the same group of villages
in 2002, we considered an annual snake bite incidence of
1,162/100,000 and an associated mortality rate of 162/100,000
in the pre-intervention period.8 Assuming a 60,000 population
sample before and after the intervention, we would be able to
detect a 36% risk reduction in mortality.
Proportions were compared by using cross-tabulations, and

chi-square tests and continuous variables were compared by
using Student’s t-test. The relative risk of death was calculated
as the ratio between the proportion of death among victims of
snake bites before (April–October 2003) and during (April–
October 2004) the intervention. The relative risk reduction
(RRR) was calculated by substracting the relative risk from 1.
All statistical tests were two-tailed and had a significance
level of P < 0.05. Statistical analyses were performed by using
SPSS version 11.0 (SPSS, Inc., Chicago, IL) and confidence
interval analysis for Windows (Microsoft, Redmond, WA).

RESULTS

A total of 11,177 (population = 60,759) and 10,916 (pop-
ulation = 59,383) households were visited during the pre-
intervention (November–December 2003) and post-intervention
(November–December 2004) surveys, respectively. Both surveys
included > 95% of the total population. The reported snake
bite incidence during April–October 2003 (pre-intervention
period) was 502/100,000. The incidence of snake bites was sig-
nificantly lower (315/100,000; RRR = 0.373, 95% confidence
interval = 0.245–0.48, P < 0001) during April–October 2004
(intervention period). The reported case-fatality rate (CFR) of
snake bites markedly decreased between the pre-intervention
(32 deaths for 305 bites, CFR = 10.5%) and the intervention
(1 death for 187 bites, CFR = 0.5%) periods (RRR = 0.949,
95% confidence interval = 0.695–0.999, P < 0.0001) (Table 1).
The demographic characteristics of snake bite victims

and the circumstances of bites were comparable in the two
surveyed periods (Table 2), with the exception that the propor-
tion of females decreased from 52% to 41% in the intervention

Figure 3. Snake bite victim held firm on the motorcycle, south-
eastern Nepal. The victim does not wear a helmet to enable continuous
assessment of his state of consciousness by the assistant pillion-rider
during transport.

Table 1

Reported number and incidence of snake bites and deaths before
and during intervention programs in four village development
committees, southeastern Nepal*

Characteristic

Pre-intervention
period (April–
October 2003)

Intervention
period (April–
October 2004) RRR (95% CI)

No. snake bites 305 187
Incidence of

snake bites
502/100,000 315/100,000 0.373 (0.245–0.48)

No. deaths† 32 1
Incidence of deaths† 53/100,000 2/100,000 0.968 (0.809–0.999)
Case-fatality rate 10.5% 0.5% 0.949 (0.695–0.999)

*RRR = relative risk reduction; CI = confidence interval.
†Deaths caused by snake bites only.
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period (P = 0.018). Snake bite victims consulted traditional
healers less often during the intervention period (8%) com-
pared with the pre-intervention period (23%) (P < 0.001), and
an increased proportion of victims (77% versus 55%) were
transported directly to the Damak RCSC during the interven-
tion period (P < 0.001). The use of motorcycle as a transport
means increased from 36% (pre-intervention period) to 77%
(intervention period) (P < 0.001). No snake bite victim died
during transport, and no motorcycle accident was reported.
The review of Damak RCSC admission register and patient

files showed that 714 and 692 snake bite victims were admit-

ted during the pre-intervention and intervention periods,
respectively (Table 3). The number of admitted victims
from the four intervention VDCs significantly decreased from
188 (pre-intervention period) to 126 (intervention period)
(P < 0.001), and a slight but significant increase (from 526 to
566) was observed in patients from control VDCs (P < 0.001).
Numbers of envenomed bites and deaths in patients from
control VDCs were similar in the pre-intervention and inter-
vention periods. In contrast, numbers of victims from the four
intervention VDCs with envenomed bites (n = 27 versus n = 8;
P = 0.026) or deaths (n = 6 versus n = 0; P = 0.085) decreased
between the pre-intervention and intervention periods. The
use of a motorcycle to reach Damak RCSC from the four
intervention VDCs sharply increased between pre-intervention
and intervention periods (from 50.5% to 92.1%; P < 0.001),
and it decreased for patients in control VDCs (from 39.7% to
29.9%; P = 0.001).

DISCUSSION

The implementation of a community-based awareness
program and rapid transport of victims by motorcycle volun-
teers to a snake bite treatment center decreased the CFR of
snake bites from 10.5% to 0.5% (RRR = 0.949) in four VDCs
(total population = 62,127) in southeastern Nepal. The
decreased CFR is likely to have resulted from 1) decreased
consultation of traditional healers; 2) faster and more reliable
access to motorcycles (the quickest mode of transport in
rural areas); and 3) higher proportion of patients treated at
the Damak RCSC, where health staff is trained and experi-
enced in snakebite management, and where antivenom, venti-
latory support (oxygen and bag-mask) and capacities to refer
patients to tertiary hospital are available.
This finding confirms previous findings from a case–control

study that analyzed risk factors for fatal outcome of snake bite
in the same region, and showed an increased odds of survival
in patients transported by motorcycle.8 Previous studies inves-
tigated other strategies to reduce snake bite mortality, such
as improvement of antivenom efficacy and safety,15–17 and
development of better first-aid methods and treatment pro-
tocols.18–21 We demonstrated the efficacy of an innovative
approach, i.e., promoting rapid transport of victims by motor-
cycle to a specialized snake bite center. This approach may be
particularly relevant in areas in which elapid bites represent a
substantial proportion of snake bite envenoming because
envenomed elapid bites can rapidly progress to cause respira-
tory paralysis and death.

Table 2

Demographic characteristics, circumstances of bites and health-
seeking behavior of victims of snake bites before and during
intervention programs in four village development committees,
southeastern Nepal

Characteristic

Pre-intervention period
(April–October 2003)

n = 305, no. (%)

Intervention period
(April–October 2004)

n = 187, no. (%) P*

Mean (SD) age, years 30.1 (16.95) 29.2 (16.93) 0.6
Female sex 159 (52) 77 (41) 0.018
Village of origin 0.16
Itahara 122 (40) 94 (50.3)
Chulachuli 87 (28.5) 46 (24.6)
Rajghat 60 (19.7) 28 (15)
Kerabari 36 (11.8) 19 (10.2)

Type of house 0.37
Kuccha (mud walls) 105 (34) 57 (31)
Other 200 (66) 130 (69)

Location at time
of bite

0.99

Inside 49 (16) 30 (16)
Outside 256 (84) 157 (84)

Activity at time
of bite

0.95

Farming 69 (23) 39 (21)
Walking 122 (40) 75 (40)
Sleeping 24 (8) 14 (8)
Other 90 (29) 59 (32)

Time of bite 0.24
Morning 71 (23) 30 (16)
Day 94 (31) 67 (36)
Evening 111 (36) 69 (37)
Night 29 (10) 21 (11)

Site of bite 0.54
Upper limb 97 (32) 51 (27)
Lower limb 205 (67) 135 (72)
Other 2 (1) 1 (1)

Use of tourniquet 255 (84) 161 (86) 0.46
First consultation at
traditional healer

69 (23) 15 (8) < 0.001

Transport by
motorcycle

122 (40) 143 (77) < 0.001

*Threshold for statistical significance was P = 0.05.

Table 3

Comparison of demographic characteristics and clinical outcome of patients admitted for snake bite at the Damak Red Cross Sub Center between
pre-intervention and intervention periods, and between intervention and control village development committees, southeastern Nepal*

Characteristic

Intervention VDC Control VDC

Pre-intervention period, no. (%) Intervention period, no. (%) P† Pre-intervention period, no. (%) Intervention period, no. (%) P†

No. admissions 188 (26) 126 (18) < 0.001 526 (74) 566 (82) < 0.001
Mean (SD) age, years 28.0 (16.42) 29.1 (17.58) 0.55 28.4 (16.53) 29.6 (16.42) 0.23
Female sex 95 (50.5) 51 (40.5) 0.08 239 (45.4) 304 (53.7) 0.06
No. transported by
motorcycle

95 (50.5) 116 (92.1) < 0.001 209 (39.7) 169 (29.9) 0.001

No. deaths 6 (3.2) 0 (0) 0.085‡ 10 (1.9) 6 (1.1) 0.25

*VDC = village development committee.
†Threshold for statistical significance was P = 0.05.
‡By Fisher’s exact test.
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Approximately 20% of snake bite victims were not
transported by motorcycle and did not consult the Damak
RCSC during the intervention period. The reasons for this
finding are unclear. Because these persons had a favorable
outcome, we can hypothesize that they were more likely to
have rightly considered the snake as non-poisonous or the
bite as benign (e.g., dry bites). Occasional non-availability of
volunteers may also have played a role in this finding.
One of the main messages spread during the community

awareness program was to avoid delay between the bite and
transport by motorcycle to the treatment center. Consulting a
traditional healer, which can result in wasting time, was associ-
ated with increased risk of dying of snake bite in Nepal.8 The
decreased proportion of victims who consulted traditional
healers in the intervention VDCs likely results from the com-
munity awareness program and may have played a significant
role in decreasing snake bite induced fatalities. Although first-
aid measures such as tourniquets have been unanimously con-
demned, the efficacy of the pressure-immobilization method
(PIM), which aims at slowing down the absorption of venom,
remains a controversial issue.22 The PIM is a method that
firmly binds the bitten limb with a crepe bandage that starts
distally around the toes or fingers and moves proximally to
include a rigid splint. Crepe bandages rarely generates opti-
mal pressures and the technique was found to be difficult to
apply despite intense training of care providers.23–25 In our
opinion, wide implementation of PIM is unlikely to be cur-
rently feasible in rural Asia, and we therefore prefer to focus
on simpler messages such as immediate transport of all snake
bite victims to a treatment center.
The decrease in incidence of snake bites in the intervention

VDCs was unexpected because the study intervention focused
on decreasing the CFR, not the incidence. The hypothesis that
the decrease resulted from an overall decrease of snake bite
incidence in the region (e.g., caused by climatic factors) is
unlikely because the analysis of admission registers and med-
ical files from the Damak RCSC showed a significant increase
of admissions from other VDCs during the intervention com-
pared with the pre-intervention period. The decrease in snake
bite incidence is likely to be caused by increased general
awareness of the population about snake bites generated
by the health education sessions and by other activities
conducted during the study (e.g., surveys). Unfortunately, the
use of primary prevention measures such as wearing boots or
closed shoes, walking at night with a torch light or sleeping
under bed nets, was not recorded during surveys.26,27 It is
interesting to note that the proportion of female victims of
snake bite decreased during the intervention period, which
may indicate better reception or understanding of educational
messages among women.
Our study has several limitations, the main one being the

absence of randomization. Therefore, the decreased CFR rate
may have been influenced by factors unrelated to the inter-
vention. One can hypothesize that the density of venomous
snakes varied in the region between the two consecutive
years. This hypothesis is unlikely because analysis of medical
files from the Damak RCSC showed no significant changes in
the numbers of envenomed bites and deaths in the control
VDCs between pre-intervention and intervention periods.
A decreased CFR could have resulted from improved case
management of envenomed snake bites at Damak RCSC.
This hypothesis is also unlikely because life-saving measures

and indications for transfer to the referral hospital did not
change at Damak RCSC during the study period.
Because the study was conducted in only one region of

Nepal, the external validity of the findings is another study
limitation. The efficacy of the rapid transport intervention
is likely to be less pronounced in areas in which vipers repre-
sent a substantial proportion of venomous snakes because
systemic clinical signs of viper bite envenoming occur more
slowly than after elapid bites. The impact of the intervention
may also be weaker in areas with lower density of motorcycle
owners, longer distances to a treatment center, or lack of
access to antivenoms or to ventilatory support.
The community awareness and motorcycle volunteer pro-

grams have been progressively extended to other VDCs
around the Damak RCSC since 2005, and covered a pop-
ulation of > 300,000 inhabitants in 2011. The project is now
financially entirely supported by the Nepalese Red Cross.
This initiative has also been implemented in other parts of
eastern Terai. We are convinced that this intervention should
be replicated and its efficacy evaluated in other parts of south-
ern Asia and elsewhere (e.g., Africa), where available trans-
ports are limited and where morbidity and mortality from
snake bites are associated with increased bite-to-hospital
time.28,29 Cost-effectiveness analysis of the intervention would
also help policy makers. In addition, other types of medical
emergencies may also benefit from a community-based
approach involving motorcycle volunteers. For example, in a
study conducted in Malawi, the use of motorcycle ambulances
reduced the delay in referring women with obstetric compli-
cations from rural health centers to the district hospital,
and was cheaper than car ambulances.30

The public health intervention described should be inte-
grated in a more global strategy aiming at reducing the inci-
dence and mortality from snake bites in the countries most
affected by this neglected condition. Other urgent priorities
are to 1) improve the safety and accessibility of antivenoms,
2) develop evidence-based therapeutic regimens, 3) develop
point-of-care diagnostic tools able to differentiate snake
species, 4) improve knowledge of care providers and pro-
vide training for life-saving measures such as ventilatory sup-
port, and 5) increase donor commitment for research and
control activities.
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